25 26 Introduction 27 Language impairment is recognized as a diagnostic feature of delirium, yet there is little 28 neuropsychological research on the nature of this dysfunction. Here we hypothesized that 29 patients with delirium show impairments in language formation, coherence and 30 comprehension.
Introduction

92
The present study aimed to investigate language production and comprehension in 93 delirium. We hypothesized that patients with delirium would produce fewer words and more 94 errors in language production. Specifically, we predicted that patients with delirium would 95 produce more irrelevant speech content and more unrelated or inappropriate content 96 elements on language production tasks than patients with dementia (without delirium) or no 97 known cognitive impairment. We also hypothesized that language comprehension would be 98 poorer in groups with delirium compared to dementia or no cognitive impairment, with more 99 comprehension-related errors in delirium (as reported by [9] The following domains of language were assessed: 
213
'erm'), and utterance repairs where the speaker goes back and changes something he or 214 she just said. An overall fluency score was calculated, reflecting the number of errors in 215 relation to the total amount of speech produced (Table 2) .
217
Grammar
218
Grammar errors were accounted for by summing any incorrect tenses and/or the use 219 of ambiguous articles and captured in an oveall grammar score ( 
255
Statistical significance was considered as a two-sided p value <0.01.
Results
258
Inter-rater agreement 259 260
Inter-rater agreements for the Cookie Theft picture description task scoring were 261 satisfactory, with intra-class correlation coefficients ranging from 0.63 to 0.99 [38] .
263
Participants 264 265
Patients with delirium and dementia were overall older than controls (delirium vs.
266
control: U= 23.00, p<0.001; dementia vs. control: U=49.5, p<0.01). Age did not differ 267 between dementia and delirium groups. There was no difference in sex between groups.
268
The cognitive tests used in the group assessments showed differences commensurate with The novel findings in this study are that patients with delirium showed multiple 349 abnormalities in speech and language production and comprehension compared with 
363
The moderate-to-strong associations between arousal and attention with language 364 performance support the notion that language dysfunction in delirium and dementia may in 365 part be secondary to more fundamental disturbance in arousal and cognition. This possibility 366 has been suggested in relation to another common feature of delirium, disorganised thinking 
380
Adopting such systematic approaches to language assessment are needed to advance our 381 understanding of language dysfunction as part of the neuropsychological profile of delirium.
382
Importantly, we used a multidimensional linguistic approach in the assessment by capturing 24 429
In spite of the limitations, given the finding that reduced utterance length was 430 characteristic of delirium, it would be useful to further operationalize this variable. Future 431 work could examine quantifiers of language as indicators of delirium, with the potential to 432 assist in the diagnosis of sub-syndromal forms often missed, and also potentially the 433 monitoring of delirium severity over time. Further, other aspects of language such as word 434 finding and pronunciation could be explored. In larger samples, variables such as age, 435 socioeconomic status and geographical location would need to be accounted for as these 436 are known to influence language performance (as discussed in [39] ). It would also be useful 437 to explore language abilities in patients with delirium but without dementia (for example in a 438 critical care population) and to identify whether language disturbances could be used as a 439 measure of delirium severity and recovery from delirium.
441
The present study supports and expands on previous findings of language 442 impairment in delirium ([10-12] . The findings provide additional characterization of language 443 disturbances in delirium, which though present in in DSM-5 are not specified in detail.
444
Further, these results provide a basis for future research on language abnormalities in 445 delirium which could lead to improve the identification, assessment and monitoring of this 446 serious disorder. Clinically, the present study suggests the need for increased awareness of 447 language production and comprehension difficulties in delirium and delirium-specific 
